
N/

AD/A-O?')6 249

ASI R [,) AN SEAKLEPING iT IALS (AS BUILT

CONE (1 ,URA "ION)

_). A. V'Wulav(-c, CT al

Nav-il Ship R•-scarch arn: l)uevelopment Ccntur

Prepa r-Cd fo01:

"Naval Ship Enginc,--ring Ccntcr

FecI)r uary 1975

DISTRIBUTED BY:

National Yechnical Information Service
U. S. DEPARTMENT OF COMMERCE

L



St CUiI ItT Y ( L 011,%1i41 A I.ON ( YIF TIII' Not~. 1..f0 -3).

FEPOR-' DOCUMENTATION PAGE fi :

41 0 4 k 0 ' U44 r N i U T M 1 ) 
2. 

1O1 
A C-41c 4 .L T L C u N ISPD 12.2-18 -D A - ",r,(,

4 14 17L L (wt d SubitleIf. TYP OF REEORT & P[ljiO0 COVEj,.

ASR ORTGI.AN SEAKEEPING TRIALS Final
(AS BUILT CONFIG-URATION) G: ~oMORG. REPORT 4UWeUER

~.Av S HOR~s) NTA1'*)P G"A4T T.~~

T) W, 'Toavei andi
F, W. Foley

9.F'EfliO.Ml4NG OHOCANIJ ATIf)H N#Mtb APL ADL;RESS P10 P n()RAM FLEMEN7 ' PRfI)ICT T ASK
AREA d, WORK UNIT P4umeERS

Naval Ship Research and Development Centei:
Surface Ship Dynam'ics Branch 1-1568-834
Bethesda, aylad Z0084__________
CONS P:LLING OFFICE NAME AND ADORESS 12 REI'O~r DATE

Naval Ship Engineering Center February 1975
fiattsvi lie, Maryland 20782 13 NUMBERE Of PACE%

14 MZ,>41T0'ING AGIFN CY N AME & ADURE$Sý0I dtflerent, from~ ConfrocfiiTig Office) IS. SLCURITY CLASS (.1 v-11, ?e~orf)

UNCLASSIFIED
F-5. U L j7, S I FI CýA-T-l4ON/ D0W-iGRAUING-

SGmF DULL

I 1, 1) rW , Vt 0 0N S I At 14 -N T (,I fh 1. R opo-)

APPROVEýD FOP PUBLIC RELEASE: DISTRIBUTION1 UNLIMITED

4 S P A, S T A TF L fh. aa5. tract (*.rod In, 171-k 20, 1f di fiveno' (,fom, Report)

X E V MC) P>. cotjnu o,, f* s 0I.!a if ,,ecooory ord 1cfrtfity by block nc-heb.,

Catamaran, Se±aworthiness, Between Hull Foil, Impacts, Stress

NATIONAL TECHNICAL SUET10CAG
INFORMATION SERVICE o DBK M M I

ZO AEJSTTAC T (ý orinv. I~n towers* side Ii necessary and Identify vy block ninrb,

mnis report presents and discusses t~he resalts of seaworthiness trials
conducted aboard the UTSS ORTOLAN (ASR-22) prior to thle installation of a
bet~ween huull forward foil. Ship motions, hull strains, and cross structure
impacts are presented and comparisons are mnade between the OPTOLAN, the U7SNS
UAYES (T-ACOR-l6), and several monohulled ships. Current seaworthiness
problems associrlted with the ASR Class are defined and discussed. Results
indicate that while ship motions art- not abnormal for a ship of this length,

Lthe frequency and intensity of cro Striief-iro. impagts degradg the

DD I F1JANF 7 3 14 3 Lt-wJON OF I NOV 65 . OMISOLL-Tr I NL~~F

S/N I0~-i4-6QISECLIRITT C.LASS4ff~T ioil uoITHIS PAGE (4+5.,n Dot. NNI9.4eo)



-UNCI.ASS IFIED
0s '41t~ T 'I C L ALI 

1g S P it ( ] t pA:,i~~,D m~l~l

seaworthine.s of the craft to a point which is unsatisfactory. Seaworthinessproblems associated with the ORTOLAN appear to be less severe than those ofthe "as built" HAYES and the addition of the foil should essentiallyeliminate these problems as it did for the HAYES. This foil should not breakthe water surface during any operational ship condition in state 5 seas orbelow. Strain measurements obtained indicate that although severe impactsoccurred during the trial, the main structural integrity of the ship was notendangered. A second report discussing the post foil seaworthiness of the(OTOLAý will p acllshed at the conclusion of presently scheduled post-foil
trials.

LTNCLASS IFIE6



TABLE OF CONTENTS

Page
ABSTRACT ............... ....... ................................ 1

ADMINISTRATIVE INFORMATION ............... ..................... .. 1

INTRODUCTION ................... ............................. . i..

TRIAL SITE AND TRIAL PROCEDURE ............................... ........ 2

DATA COLLECTION ........................ ............................ 3

RAVE HEIGHT ......................... ............................. 3

SHIP MOTIONS .......................... ........................... 4

IMPACT PRESSURES . . . . . . . . . . . . . . . . . . . . . . . . . . 5

PRESENTATION OF DATA ....................... .......................... 5

WAVE HEIGHT ..................... ................................ 5

SHIP MOTIONS ........................ ............................ 6

CROSS STRUCTURE IMPACTS ................... ....................... 9

SELECTED MOTION COMPARISONS .................... ...................... 10

FULL-SCALE COMPARISONS ................ ....................... .11

ANALYTICAL PREDICTION COMPARISONS ............. .................. .. 13

TMPACT COMPARISON ................... .......................... .. 14

DISCUSSION OF TRIAL RESULTS AND COMPARISONS ...... 16

CONCLUSIONS ........................ .............................. .. 18

ACKNOWLhDJGMENQ I. ..................... ............................ 18

D1



LI.ST OF TABLES

Table I - Tape Recorder and Channel Destgnations for

Trial Measurements .......................... 19

Table 2 - Trial Measurement Transducer Locations ........ ........... .. 20

Table 3 - Brief Comparison of Three Wave Measuiement Methods . . . . .. 22

Table 4 - Summary of Wave Heights, True and Relative
Courses, and Ship Speeds ................ .23

Table 5 - Summary of Ship Motions and Strains (SIngle

Amplitude Significant Values) ................ 24

Table 6 - Summarv of Crocs s;--ture imTp s Occurring

During Pre-Fix Trial .................. 25

Table 7 - Comparison of S,:,ip P6:ia:• fzr GRTOLAN,

iiAfES, BOISTER, ,. I- S, crJ ,.L Ti,_, -RTL.

Ioble 8 - Comparison Bet r-e- Ute GRIOLAN and the BOLSTER for

Single Amplitdaa_ oipnifi-ant P. i1 and Pitch ..... ......... .. 32

Table 9 - Comparison Between the ORTOLAN, GILLIS and the

O.W.S, WEATHER REPORTER for Single Amplitude
Significant Pitch and Roll Angles in High
State 5 Seas ....................... 32

Tab e .0 - Particulars of Ships Used in Making Analytical

Comparisons ................. ................ 33

Table 11 - AGOR-16 Peak Pressures for Wave lmpa:ts at

Bottom of Forward Cross Structure .............. 34

LIST OF FIGURES

Figure 1 - Correction Ccpff •- A,,, •. .,r:r-r ctra
ubaaited from t'ie TUCKER Sea State Meter ...... ........... .. 35

Figure 2 - Sketch of ORTOLAN Showing Pressure Gauge

Locations and Proposed Modifications ........ ............. .. 36

Figure 3 - (Ca.mFarison Between the Wave Spectra Obtained
":-om the Tucke- Sea State Meter and the Wave
Buoy for Run 13 . . . ............... 37

lii



Page
Figure 4 - Comparisotn Between the Wave Spectra Obtained

from the Tucker Sea State Meter and the Wave
Buoy for Run 20 . ..................... 38

Figure 5 - Comparison Between the Wave Spectra Obtained
from the Tucker Sea State Meter and the Wave
Buoy for Run 21 ................... ................ .... 39

Figure 6 - Spectral Energy for Roll in Beam Seas, State 3
Sea, at 3.9, 6.9 and 12.0 Knots .... .............. 40

Figure 7 - Spectral Energy for Roll in Beam Seas, State 5

Sea, at 1.7, 5.0, and 12.5 Knots ........ .......... ... 41

Figure 8 - Wave Spectra Corresponding to Runs 19, 22, and 30 ....... 42

F'•ure 9 - Spectral Energy for Pitch in Head Seas, State 3
Sea, at 2.6, 7.2, and 11.8 Knots .............. ..... .. 43

Figure 10 - Spectral Energy for Pitch in Head Seas, for
State 5 Sea, at 5.3, 6.3, 11.5 Knots .... ........... .. 44

Figure 11 - Spectral Energy for Bow Acceleration in Head
Seas, State 5 Sea, at 5.3, 6.3, and 11.5 Knots .. ...... .. 45

Figure 12 - Spectral Energy fcr Bow Displacement in Head
Seas, State 5 Sea, at 5.3, 6.3, and 11.5 Knots .. ...... .. 46

Figure 13 - Spectral Energy for Stern Displacement in Head
Seas, State 5 Sea, at 5.3, 6.3, and 11.5 Knots ...... 4,

Figure 14 - Comparison Between ASR and AGOR-16 (USS HAYES)
for Wave Height and Pitch Spectra in Head Seas .. ...... .. 48

Figure 15 - Comnparison of Pitch Angles versus Ship Speed
in State 5 and 6 Head Seas ........ ................. .. 49

Figure 16 - Comparison of Relative Motion at Station 2½
versus Ship Speed in State 5 and 6 Head Sea's .. ....... .. 50

Figure 17 - Nondimensional Relative Motion at Station 2½
versus Wavelength to Ship Length Ratio for a
Ship Speed of 10 Knots in Head Seas ..... ............ .. 51

Figure 18 - Pressure Gage Locations on Bottom of Forward
Cross Structure; HAYES ............ .................. .. 52

iv



NOMENCLATURE

G, g Gravitational acceleration

L1 Ship length

M Wave meter correction factor

P Port

P-i Pressure gauge i, i = 5, 6, 7, 8

PSI Pounds per square inch (gauge)

S Starboard

S (a Bow acceleration energy spectraa

S (4 Bow displacement energy spectra
x

Pitch eiiergy spectra

S.*(-) Roll energy spectra

S (4 Wave energy spectra

U Ship speed

(ZA )1/3 Single amplitude relajI-e rction at Station 2',

(6Ae)1/3 Single amplitude pitch angle

A )1/3 Single amp] ,ude roll angle

Wavelength

rA Single amplitude wave height

1w /3 Double amplitude significant wave height

Circular wave frequency

e Circular encounter frequency

Q Centerline
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ABSTRACT

This report presents and discusses thE results of seaworthiness trials

conducted aboard the USS ORTOLAN (ASR-22) prior to the installation of a

between hull forward foil. Ship motions, hull strains, and cross structure

impacts ate presented and comparisons are made between the ORTOLAN, the USNS

HAYES (T-AGOR-16), and several monchulled ships. Current seaworthiness

problems associated with the ASR Class are defined and discussed. Results

indicate that while ship motions are not abnormal for a ship of this length,

the frequency and intensity of crcss structure impacts degrade the seaworthi-

ness of the craft tc a point which is unsatisfactozy Seaworthiness problems

assoitated with the ORTOLAN appear to be less severe than those of the "as

bullt" HAYES and the addition :5f the foil should essentially eliminate these

Sp blems as it did t3z the HAYES. rhis roll should not break the water

suýface during any operatlonal ship condliion in state 5 seas or below. Strain

miasureme.:-ts obtained Indicate that altheugh severe impacts occurred during

the Lrial, the main struc:tural integrity of the ship was not endangered. A

se-ond repcr, discussing the posz fL I seaworthiness of the ORTOLAN will be

published at -,he vonclusicn c" p;e-,ný:y schedul2ed poct-foil trials,

ADMINISTRATIVE INFORMATION

rhis prieýet was funded by Najal Ship Engineering Center Work Requests

No 45120, Amendments 5 and 6, and No 45530, and was performed under Work

Ur.it Number 1-1568-834.

I NTRODUCTION

A considerable number of mcdel experiments have been conducted on the

ASR Class catamaran a- the Naval Ship Researchi and Develcpment Center (NSRDC)

ir. the pasit tew years They uave been _ •ompllshed to derermine the seaworthi-

nes-3 -ha.:a-terlstics, bhidging stru, ture gr-Cs loadings, briaging structure

s•.am-mrn., pressures, betwetn hull wave datterns, anrd the resistance, powering
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and stability characteristics. Exper!ments have also been conducted with the

ASR catamaran as a "mothership" for the retrieval of a deep submersible rescue

vehicle (DSRV) through the center well. In addition, an experimental investi-

gation was carried out on a four point open sea moor of the ASR catamaran.

Currently, some negative experiences have been encountered with catamarans

in heavy seas with bridging structure slamming. Model experiments with the

USNS HAYES (T-AGOR-16) indicate that a foil near the bow, between the two hulls

at the keel position, will significantly reduce the relative motion and the

related slamming impact frequencies and pressures, Trials conducted by NSRDC

with the HAYES confirmed that this installation of a between hull foil greatly

reduces bridging structure slamming. A similar foil for installation aboard

the USS ORTOLAN (ASR-22) has been designed. Prior to the installation of this

foil, a pre-fix trial was cond'.Lted abcard the ORIOLAN to ascertain current

seaworthiness characteristics and slamming pressures, i.e., to proviee a base-

line set of results against which the performance of the ORTOLAN uith a foil

may be compared. A second, post-foil modification trial will then determine

che effectiveness of the foil. This report presents and discusses the data

obzained during the pre-fix trial conducted aboard the ORTOLAN from 15 April

to 25 April 1974.

TRIAL SITE AND TRIAL PROCEDURE

With the exception of Run 34, this trial was conducted in an area approxi-

mately 200 miles east of Assateague Island, Maryland. The ocean depth varied

from 1000 to 2000 fathoms. Run 34 was recorded in an area east of Virginia

Beach, Virginia in water approximately 170 fathoms in depth.

The trial procedure employed was as follows:

a. The trial director would request a particular heading and ship speed,

b. the bridge would inform the director when the ship course and steady

speed had been obtained,

c. the trial director would notify th. electronic technicians to

commence collecting data,

d. the trial director would Inform the bridge of the run completion

and request the next trl:I condition.

i , • • • m U••2



Each trial run would commence when the ship had reached the steady speed

requested for a particular heading. The run would continue for approximately

30 minutes during which time the ship maintained heading and speed with a

minimum of rudder activity.

DATA COLLECTION

Measurements were recorded on two 14 channel magnetic tape recorders.

Tape recorders and channel designations for trial measurements are given in

Table 1. Transducer locations are presented in Table 2. Data collection is

discussed in the following three sections.

WAVE HEIGHT

:n order to correlate measured responses obtained during this pre-fix

trial with model and future post-foll trial measurements, an accurate wave

height measurement Ls required. Thus, four distinct measurements of wave

height employing three different me hods were made. These are:

a. Datawell wave buoy,

b Tucker sea state meter - corrected and uncorrected,

C visual observation by ship's force,

d. visual observation by NSRDC trial director.

The Datawell wave buoy obtains the seaway profile by double integrating the

output of a stabilized accelerometer within the buoy while the buoy is

afloat in the seaway. Wave height measuremeits using the wave buoy were

made before and after each series 3f headings at a constant ship speed.

These measurements were made at zero nominal speed and are referred to as

wave runs. The Tucker sea state meter measures the height of the water

surface on the ship's hull and adds this to the displacement of the hull

relative to an Imaginary reference surface defined by the calm waterline.

The resultant height fluctuation of the water surface is therefore indepen-

dent of the morions of the ship and repreýents wave height. Visual observa-

tions were made independently by -;hip's f,•:c, and by the NSRDC trial

director; that i•, the observations were made indepEndent of one another

3



as well as independent of the electronic wave measuremrpnts. A detailed

investigation of the merits of each of the above methods is beyond the scope

of this report; however, the comments contained in Table 3 are thought to be

valid.

As noted in Table 3, a calibration correction factor, M, based on wave

encounter frequency raust be a ?lied to the Tucker sea state meter measurement.

This correctton factor is necessary to account for the signal attenuitioa due

to the depth if the pressure heads below the surface and fcr the attenuation
C

due to the integrators and RC couplings within t.e device. Figure 1 presents

this correction curve as applicable to the installation uscd during this

trial. Reference 1 states that the response of the sea state metrer is best

for low frequency wave encounters (coirection factor - 1.0) becoming more

minzertain for higher frequency encounters \c:rrectton factor >> 1.0). Hence

'Tucker wave height measurements are likely to be most accurate when ship

sped is zero or the ship is proceeding in quartering or following seas.

SHIP MOTIONS

Ship motion measurements were recorded for roll, pitch, vertical accel-

-ration at three locations, surge, sway, yaw, relative bow motion, a:Ld sLern

displacement. Surge and sway accelerations are not true surge and sway

accelerations, but longitudinal and transverse accelerations, respectively,

at their locations (see Table 2). T.iLle surge and sway accelerations are

defined as the transverse and longitudinal accelerations 7t the ship center

of gravity. Roll, pitch, and accelerations along the three ship axes were

recorded at Frame 87'2 using a modifif l Mark IV MOD 0 fire control stable

platform. This device measured the true roll and pitch as well as true

longitudinal, transverse and vertical accelerations at the transducer

location. Yaw was recorded directly from the ship's ;,wro rereater. Bridge

cr-ane vertical acceleration and bow acceleration were unstabilized; that is,

the transducer did Pot remain truly vertical but remained perpendicular to

1 'anual f r- Cal b rat lug , I nt sr.i 1 1 ug ;nd Ope r~it i ng t he Sh ip -Ho cue Wave

Recorder, " Nat ional Inst itute of OtX ea•ograplhv (,Julv 19 55)
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the .rongitudinal and transverse centerlines of the ship. The error thus

induced by roll and pitch angles is small and will be neglected in this

report,

IMPACT PRESSURES

Since impact frequencies of 100-200 Hz were expected, a rcordin.g system

was chosen which would accurately i•:cord these frequencies. A-tual impact

frequencies, basea on signal rise time, centered around 160 Hz Shown in

Figure 2 are the pressure gauge locations and proposed structural modifica-

t ions.

No impa-ýr tran-idu.•,,: were 1c, ed -)rn the fcrward ft irtd edge of the

tc• st.uture sin'c thiz aiea witi ue modified as shur. oQw-ng the instal-

-h, ec;. .i et is p:cbab,• , h_-.ev, that thb ar',s rccelved more

sever,? i~ricte than did •-nv other secti1n oi the cross strucrule.

IRESEN LAFION OF DATA

7 'I ' . art , o r,,,d !r) two basic formats, tabular and spectral.

Al "-ogu. lziart 'atd ol ec ! , , "h, t r iaI are presented in tabular format.

DaTi whlih are discu1.ssed in !'Li df-taii are also presented In a spzctral

Iri,ý1 res lt• ,itt. ,ill--us-,ed in the following three sections.

WAVI. I* I (,fi

A si nrn,. v , I w.a't, t It ,tt', I .riLd r ('lt I e Vt ,Ir ies i d ad ship speeds

I I tat an,- iJ; re- "d. nd 1n 0a)lt 4 Wave helght valuees obtained

I tork ted .e b/oV and the ['ka Fir , att'r torrectionl, dle press-uted as. sIgnI-

I an ,t . , e s. Ixper I'eln. jaý; !11t V l,,Cd thit "•wVav heights nkt ed Visually\

I:- i• e, ! w I I ,en, Iv 1 ,1g,:1 e with thI :nt aVorel at gui I ca t calue. It

' ;:' t t o, 1,•te thdt ' lo l. .:c t., Is Ivlt 1itd to he rhi avvragi'



The observed seaway is given as the vecto- addition of sea swell and

sea waves; the swell being the regular or sinusoidal component, and the sea

waves being the wind driven compone-'i. Wave heights as observed by the trial

director and by ship's force agree well with the measured values in M.ost

cases, ship's force tending to agree with the wavc! buoy and the director with

the Tucker. Agreement between the observers, however, as to swell heigý- and

sea height is not as good. In this case, the observed wave height could

suffice to give a reasonable approximation of the sea, even though ýX.ts

composition may be disputed.

Figures 3, 4, and 5 present representative wave spectra recorded by

the Tucker sea state meter, corrected and uncorrected, and by the Datawell

wave btioy for Runs 13, 20, and 21, respectively. As noted in Table 3, a

correction factor based on wave encouater trequency must be applied to the

Tucker sea state meter measurement. Correlation between the corrected Tucker

measurement and the Datawell wave buoy is good for Run 21 where the necessary

correction is small. Run 13 also yields reasonable coyrelation between the

corrected Tucker and the wave buoy even though the correction factor is

relatively large. Run 20, however, shows much reduced energy in the 0.8 to

1.0 radian/second range for the Tucker when compared to the wave buoy. This

decrease in energy shown by the Tucker is also evident over the same frequency

range in the spectra for Run 13, but is not visible in Run 21. In general,

the correlation between the Tucker and the wave buoy is good for wave heights

above 6 feet. One exception is Run 20. This tray be explained by noting that

this run was made in darkness and seaway directionality could not be accu-

rately determined. This may also explain the ciscrepancies found in Runs 1,

7, and 13 since the ship's head was directed toward the sea and not the swell.

SHIP MOTIONS

Ship motions, fore and aft longitudinal. strain, and transverse midship

strain are presented in Table 5. These values are presented as single

ampl4tude significant values. Values indicated for longitudinal and vertical

strain for all. runs lie well within the design limits of the vessel. A

6
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separate report presenting the analysis of these strains will be publishe'i

in, LhL- :'L~ure- SAp iti~ctions, a., will be inore thoroughly discussed, are not

abnormal for a craft of this s~tze. While roll and pitch motion in excess

of 3 degrees single amplitud.o are detrimental to ship's work aboard any

craft, cnanges in course and speed may be used to eftect a reduction in

these motions.

A low confidence level should be applied to the listed values of relative

bow motion due to the spray present in the measurement area. The sonic device

used is sensitive to heavy spray and may read it as a false target.

Spectral energy for roll In beatu seas is presented in Figure 6 for a

state 3 sea and in Figure 7 for a state 5 sea Mt-ximum rolling energy occurs

at approximately 0 80 tc 0 85 radiars3 pt- Eecond for all beam sea runs. This

teqje~ncy corresponds to a roll period of / 4 tu 7.9 seconds and establishes

-te r.ar..ral roll. period of the sh,,p tc be apF-oximately 7,6 to 7ý7 seconds.

in practical terms, this means that the ship i.n beam seas will have the

g-eatest response to waves approximately 300 feet in length, The largest

dzub1, amplitude value of roll recorded during, the trial occurred during

Run 24. The magnitude of this particular roll cycle was 20.7 degrees and

its period was 7.7 seconds. Referring to Figure 7, we find that the spectral

peak for roll enargy during Run 24 lies at approxi~maiely 0.80 radian/seconds.

This corresponds to a period of 7.85 seconds, closely agreeing with the

periocd of the maximum double amplitude excursion. From the design viewpoint,

it iz to be noted that extreme roll angles wi.1l tend to occur with periods

ranging from 7 4 to 7 9 seconds.

Wave spectra correspondiiig to head sea Runs 19, 22, and 30 are shown :,n

Figure 8. It will. be useful to refer to this figure when motions obtained

during these runG are discussed Note that these spectra are plotted versus

frequexicy of encounter rather than wave frequency,

Spectral energy for pitch in head seas is presented in Figure 9 for a

state 3 sea and In Figure 10 for a state 5 sea. We see that pitch, unlike

roll, does not have its maximum valies occuzring within a discrete, rela-

tively narrow range of frequencies for a given seaway. This is especially

evident In Figure 9 where pitch angles were small, being less than 0.5

mE7



degrees significant single amplituds When wf add,:eu- ourselves to signifi-

cant values of pitch above + 2.0 degrees (Figure 10) we find the spectra have

a tendency to be more nearly single peaked. It is unfortunate, from a sea-

worthiness standpoint, that the pitch spectra for large values of pitch,

although single peaked, are quite wide. For example, in Run 22 we see that

a large amount of energy is contained in the frequency range from 0.7 to 1.1

radians per second. This indicates that the ship will respond actively in

pitch to waves whose periods of encounter range from 6 to 9 seconds. The

maximum double amplitude pitch excureion obtained during the trial occurred

during Run 22. The magnitude of this pitch cycle was 12.8 degrees with a

period of 7.0 seconds. Referring to Figure 10, we find that a 7.0 second

period (0.90 rad/sec) falls within the range of maximum energy for pitch

during Run 22. From a design standpoint then the extreme pitch motions will

tend to have periods of from 6 to 9 seconds.

It should be ncted that Run 22 is representative of an extreme condition;

that is, the operators of the ORTOLAN expressed concern for the vessel during

this run. This concern was based upon the intensity of the slams and the

possibility of damage to the cross structure.

Bow acceleration, the parameter which determines bow velocity and dis-

placement, is shown in Figure 11 and Runs 19, 22, and 30. Maximum bow acceler-

ations tended to occur at 1.05 to 1.2 radian/seconds corresponding to periods

of 5.2 to 6.0 seconds. Figure 12 presents the bow displacements corresponding

to the bow accelerations shown in Figure 11. Since displacement is related

to acceleration by frequency squared, the spectral peak of the displacement

curve occurs at a lower frequency than ,he spectral peak of the acceleration

curve. Hence, maximum displacements generally occur at lower frequencies

than do maximum accelerations. The wave spectral peaks corresponding to

Runs 19, 22, and 30, as shown in Figure 8, are indicated by the arrows on

Figure 12. We see that maximum bow dioplacement tends to occur at the frequency

of maximum energy in the seaway. These frequencies range from 0.76 to 1.09

radian/seconds corresponding to periods of 5.8 to 8.3 seconds.

Stern displacements for Run3 19, 22, and 30 are shown in Figure 13.

Two observations are evident when we compare stern displacements to the

8
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r'orrespondi.G J displacements. First, the bow displacements are greater

in magnitud:. i ) the stern displacements, and secondly, their peak frequen-

cies are no.. Yr essarily the same. The fact that stern displacement wap

measured at a i.nt about 17 feet to port of the ship's centerline does not

appreciably 9 :t the magnitude or phase of the data presented.

CROSS STRUCY MPACTS

The occu. c.nce of slamming is dependent upon the magnitude and phase of

the ship's vertical motions relative to the waves encountered. If the

amplitude of the relative motion of the cross structure, where impacts are

most likely, is less than the calm water clearance of the cross structure,

recognizing sinkage, trim and bow wave effects, no impacts will occur. If,

orn the other hand, relative motion amplitude exceeds the calm water

clearance, impacts will occur. The vertical motion of any point on the ship

is primarily dependent on the magnitude and F',ase of its heave and pitch and

che lcngitudinal distance of the point from tthe pitch axis, larger motions

c-curring furthest from the pitch axis. For this reason bow and stern

I mpacts generally occur first, The intensity of the impact is dependent

Imainly on the relative velocity with which the ship and the sea meet, and

tý.e shape of the wave. Higher relative velocities and more massive waves

yielding greater intensity.

Slamming pressures were measured at the four locations shown in Figure

2. Table 6 presents the number of occurrences, average and maximum pressures

recorded, and the individual values of each occurrence for all impacts re-

corded during the trial. Note that no impacts were recorded in seas with

a significant height of less than approximately 7 feet as measured by the

wave buoy. Impacts were observed, however, at the mouth of the Delaware Bay

while in transit to the trial location in an observed significant seaway of

approximately 5 feet. This seaway consisted of regular swells with a peri-

odicity of about 6 seconds. No measurements were obtained at this tii~e.

Maximum Impact pressures for the entire trial occurred during Run 22.

A pressure of 105.8 pounds per square inch (PSI) was recorded on pressure

9
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gauge number 5 (P-5), while a pressure of 68.7 PSI was recorded on P-8.

Although no structural damage -as evident at the conclusion of the trial,

pressures of this magnitude are highly undesirable and are capable of pro-

ducing structural damage to plates and stiffeners.

It should be noted that all recorded and observed impacts occurred on

the cross structure. No impacts due to bow emergence and no bow emergence

were observed while in cransit or during the trial. Visual observations made

continually throughout the trial indicated that the foil, if installed, would

not have broken the water surface.

SELECTED MOTION COMPARISONS

Comparable full scale data for seakindliness comparisons can be closely

approached by conducting side by side trials in the same seaway with the ships

3f interest. Full-scale comparisons made between data collected at different

times and under varying conditions may be used only to point out trends and to

show major differences in ship characteristics. Minor differences in seakeep-

ing ability are generally masked by uncontrollable variables irn the trial

conditions, the most serious being variations in swell and sea composition.

This variation in swell and sea composition, i.e., the frequency and

enrrgy content of the seaway, makes full-scale comparisons difficult. An

attempt has been made to point out tendencies of the ORTOLAN and HAYES based

"on available full-scale data. It should be realized that while one ship may

appear superior in a given seaway, a change in seaway could indicate quite

cpposite conclusions. This report uses the information currently available

and reaches conclusions based on that information. The application of these

ccnclusions should take into account the basis of their formation.

Comparisons based on data obtained from model experiments and/or ana-

lytical predictions are more easily made since the parameters are Wuch more

closely controlled. In addition, they permit a range of investigation which

cannot be matched by full-scale trial, li,- to cost, time, and weather

dependence. The accuiacy of an analytical approach, based on model experiment

10



data, has been shown to be acceptable at low Froude numbera for both mono-2 3

hulled2 and catamaran vessels. The data presented in this report represents

low Froude number conditions.

The following two sections present selected motion comparisons based on

full-scale data and on analytical prediction techniques developed at NSRDC.

FULL-SCALE COMPARISONS

Roll and pitch angles for the ORTOLAN and three monohulled ships, see

Table 7 for particulars, are given in Tables 8 and 9. Table 7 also presents

the ship particulars for the HAYES. Wave heights listed in Table 8 represent

obse,-ved (double amplitude) wave heights for the two trials, both observa-

tions being made by the same observer. For the five relative headings shown

in Table 8, the ORTOLAN displays lower motions than the USS BOLSTER (QRS-38)

in all but the following sea condition. The speed and wave height differ-

ences may account for the ORTOLAN motions being greater than those of the

BOLSTER in the following sea condition.

Table 9 presents single amplitude significant pitch and roll angles for

the ORTOLAN, the USNS GILLISS (T-AGOR-4) and the frigate O.W.S. WEATHER

REPORTER. Note that ship speed for the ORTOLAN is lower than for the GILLISS

or the WEATHER REPORTER. For the conditions shown, the ORTOLAN's roll and

nitch are not significantly different than those for the monohulled ships.

Based on these comparisons, the roll and pitch motions of the ORTOLAN are

seen to be similar to those of monohulled ships of the same general length.

Although roll and pitch are comparable, the consequences of the induced

motions are quite different. When the freeboard is exceeded on a monohulled

ship, deck wetness and spray can occur. Exceeding the freeboard on a

catamaran is usually equivalent to the beginning of cross structure impacts.

2 Frank, W. and N. Salvesen, "The Frank Close-Fit Ship Motion Computer

Program," NSRDC Report 3289 (June 1970).

Jones, H.D., "Catamaran Predictions in Regular Waves," NSRDC Report
3700 (Jan 1972).
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These impacts may result in much increased hull girder loads, cross

structure damage, and agenerally uncomfortable condition for all aboard.

Additionally, spray generated by the inboard hull edges and the forward

edge of the cross structure will not clear itself of the ship, but instead

:an impair the vision of those in the pilot house by wetting the windows.

During the ORTOLAN trial, spray was evident on the pilot house windows

as early as Run 2 and tne forecastle area was secured during Run 8 and

several subsequent runs.

The increased beam of thr catamaran, while providing the advantage of

more usable deck area, also produces generally higher deck edge accelera-

tions than would be found on a monohull of the same length and/or displace-

ment. Run 34, which was recorded whi.• the ORTOLAN was in a fore and aft

starboard two point moor, is representative 3t an operati~.nal ship con-

diticn in which the bridge crane art's WetE extended and the bric'ge crane

used. During all other rL:,s, the bridge crane arm was secured. Ship's

work proceeded ncrmally d,:ing th•s run indicating that the increase in

deck edge acceleration was not detrimental to ship's operations.

Figure 14 presents a comparison between the ORTOLAN and the HAYES for

wave height and pitch spect:a d.ring similar runs at 5 and 12 knots. Note

that both ships are catamarans and have approximately the same length

(Table 7). Both Figure 14 and particulars given in Table 10 represent the

HAYES prior to the installation of the between hull foil. Note also the

scale changes within the flgure. Referring to Figure 14, we see that the

HATES also tends to pitch w:th a frequency close to the frequency of maxi-

mum wave energy, as was discussed for the ORTOLAN At 5 knots the magni-

tude of pitch was comparable for The two craft even though the ORTOLAN was

operating in a higher seaway At 12 knots the ORTOLAN recorded a signifi-

cant pitch angle less than one half that recorded for the HAYES, with the

ORTOLAN operating in a somewhat lower seaway.

Based on this data, we see that r..ll and pitch motions for the ORTOLAN

are comparable to roll and plt:h motions for monohulled ships of the same

general length and that the ORTOLAN displays pitch characteristics that

are comparable to, or bertt' than, those of the HAYES prior to the instal-

lation of the foil.

12



ANALYTICAL PREDICTION COMPARISONS

Prior to the installation of the toil on the HAYES, reports of abnormally

large ship motions prompted an analytical investigation which compared the

HAYES to other craft of the same general length. Table 10 presents the

particulars for the ships used in the investigation. The HAYES and the

ORTOLAN (D) represent the craft as configured during the full-scale trials.

The ORTOLAN (M) represents a modified design of the ASR class. The major

differences between the ORTOLAN (D) and ORTOLAN (M) are in length and dis-

placement. The differences between the three catamarans are in the hull

particulars rather than in the lines. The USNS ROBERT D. CONRAD (AGOR-3)

and USNS MELVILLE (AGOR-14) are monohullEd craft used for oceanographic

research with hull characteristics simllar to the catamarans The lines of

these monhulls differ in that the MELVILLE has a slightly bulbous bow and

flatter bottom aft. Ship "X" consists of a design using the MELVILLE lines

and beam to draft ratio with a length and displacement equal to the HAYES.

Figure 15 presents predicted significant single amplitude pitch in

state 5 and 6 head seas versus ship speed for the six craft discussed. We

see that the HAYES does display relatively large pitch motions with the

modified ORTOLAN only somewhat better. The "as built", or existing ORT N,

is inferior to the three monohulls, except for Ship "X" above 12 knots.

Note that Ship "X" is worse than the MELVILLE, indicating that a penalty is

paid for increasing the beam, draft, and displacement. Note also that the

ORTOLAN (D) has minimum pitching at zero speed.

Single amplitude significant relative motion at Station 2'i (approximately

Frame 15 on the "as built" ORTOLAN) is shown in Figure 16 for state 5 and 6

head seas versus ship speed. Again the HAYES displays the worst motions with

the ORTOLAN (M) only slightly better. The "as built" ORTOLAN (D) is superior

to the HAYES and ORTOLAN (M), but inferior to the monohulled ships at all

but the lowest ship speeds.

Figure 17, prec'entlng the relative motion transfer function in head

seas at 10 knots for Station 2V, shows that relative motion for the catamarans

13
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is highly tuned to frequency* and V2 to 2!2 times greater in magnitude than for

the monohulled ships. Again it is indicated that the HAYES displays the worst

characteristics while the ORTOLAN (D and M) are interior to the monohulls but

superior to the HAYES. Most important Is the fact that at resonance the

catamarans will display very large relative motions. Hence, care should be

used when describing these motions for a given sea state since the frequency

distribution of wave energy contained within the sea state determines the

magnitude of relative mction which may be expected. This analytical investi-

gation was conducted using Pierson-Monkowit2 sea spectra for fully risen seas.

Comparisons between motions obtained here, and m:tijns obtained for seaways

of different content should bc made with caution

"Sua!ilzlng the ,esu1-e :f ,hE to-eg-'ing :-mprisons, we have the

following:

a The "as built" HAY%_ ,1Dpa:< a gr=,ef• .pentity tc pitch and has

greater relatIve bow mction rr, . dces the "as b.ilt" ORTOLAN.

b. Both the HAYES and ORTOLAN in the "%s b-t" condition are more

sensitive .o the frequency It 2 •mway energy thar. are munohulled ships of the

same general ierngth.

IMPACT COMPARI SON

In comparing cr-ss ztr-:._re impactc, it must be noted that the calm

water clearances of the -o-E t,',a-turc-s fur the ORTOLAN and the HAYES are

not the same. Minimum clearanE .In t0E ORTOLAN was approximately 7½ feet

(uncorrected for sinkage, t:im and o , *~ove effects) during the trial.

Pressure gauges, as installed, wecc appr,;xxmateiy 9 feet above the calm

water surface (see Figure 2). Ihc minimum Clearance for the HAYES was

approximately 10 feet (uncortected Ior ýinkage, trim and bow wave effects).

This difference in clearance gives the HAYES an advantage in that the HAYES

can undergo larger relati-ve mottons without incurring impacts. Figure 2

We - 0,917(A.L) ! + 0.441()/L) foi Figure 17
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shows that after modification the ORTO•AN will have a minimum clearance

of about 9 feet and the clearance from the forward edge of the cross

structure to Frame 19;, will be increased to approximately 11 feet. It

is expected that this increase in clearance will result in fewer and less

intense impacts on the forward cross structure.

The full-scale trials conducted aboard the HAYES included a rather

detailed investigation of impact pressures occurring between Frame 16 and

Frame 19 of the cross structure. Impacts occurring at Frame 25½ were

recorded but have not been analyzed in detail. Figure 18 shows the location

of the pressure gauges as installed aboard the HAYES. Table 11 presents

impact data obtained during the HAYES pre-foil trial. Referring to Figure 2,

we find that pressure gauge 5 of the ASR corresponds most closely with

gauges 3.1 and 3.2 of the HAYES. While pressures obtained from gauges 3.1

and 3 2 are not presented due to currently incomplete analysis, the maximum

value obtained in head seas, 9.5 foot significant wavL height at 12 knots,

was approximately 130 PSI. Studies of the HAYES data show that pressures

obtained from gauge 1.1 - 1.8 are indicative of the pressures obtained

for gauges 3.1 and 3.2. Comparing the 12 knot run found in Table 11 for the

HAYES with Runs 19, 22, and 30 found in Table 6 for the ORTOLAN, we find

the following information. The HAYES generally experienced higher maximum

pressures, more impacts, and higher average Impacts. If the ORTOLAN had

run 12 knots during Run 22, impacts may have been greater than those of the

HAYES. We note that when the HAYES increased from 12 to 16 knots, with a

small increase in seaway, the maximum impact pressure went from 139 PSI to

205 PSI. The ORTOLAN running 11.5 knots in a nominal 8 foot head sea (Run

30) did not experience impacts of concern.

The occurrence of Impacts on the after crosi structure is also indicated

by Table 6. Trials aboard the HAYES indicated that while after cross

structure impacts did occur, their severity did not warrant a detailed

investigation. In the analysis of the HAYES impact data, slams of 20 PSI

or less were not regarded as significant With respect to the after cross

structure impacts recorded for ORTOLAN, 84 percent were less than 10 PSI

while less than 4 percent were over 20 PSI.
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Tables 6 aued 21 indicate that both the ORIOLAN and the HAYES have cross

structure impact problems in the "as built" condition which degrade the

usefulness of the craft. Comparisons of pi:sh and •elatlve motion at Station

20, as presented, indicate that the przblem is comparable for the two ships

even though the ORTOLAuN has less cross structure clearance.

DISCUSSION OF TRIAL RESULTS AND COMPARISONS

The primary purpose of the trial was to establish a baseline set of data

against which post-foil results :ould be compared, Tables 5 and 6 have pre-

sented sufficient "as built" seaworthiness characteristics to allow such a

Lcmparison to be made ass-mirg eqtivaiert Aa: In 2btained during the post-

fall trial.

A se'ondary puzpose was r1 characterize the .;:en; seawcrrihiness problems

encountered by this class of sh-1 it is seen tha" cross structure slamming

is the majo7 problem since it inrtezeres with the abijity of che ship to

transit during and/or between m:ssions, and is capable of producing struc-

tural damage to the ship. Such stru&iural oamage has occurred on an earlier

deploymrenr The major cause cf ;irs s9nr.irng is due to insuffi:Lent clearance

and the large expanse cf relatively flat surrawe whi:h is exposed orthogonally

tc the sea in the form of the between hull cross structLre. Figure 10 has

shown that large values ot pitch can oc.ur across a relatively wide range of

frequencies. Figure 12 has shown that bow d:.placement tends to occur at

the frequency of taximum energy ot the seaway, while Figure 17 has shown

that relative motion near the tfrward adge 2: he ,ross scructure is highly

tured, thus aggrava;Ing the probiem. This means simply that cross structure

slarmming -an, and will, occur u.-, t, -ý. IN Table 6) in almost any seaway whose

srgnifftant wave heignt Is 3ppfox:I.a'ly teet ca above for head or how ship

headings relative to the waves lhis •lammirng :s attributable to the wide

frequency response of pitch combined with the heave of the ship. Indeed,

cross stru..ture slamming w-ii o..ur curing much i.wer wave conditions if

the encounter frequency is near the resonant frequer y of velative motion
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between cross structure and seaway. The experience at the mouth of the

Delaware Bay is indicative of this type of slamming.

It is also found that while the HAYES AND ORTOLAN exhibit similar

ship motion responses, the HAYES demonstrates a greater propensity to

pitch and slam. The obvious question is: "Has the addition of a between

hull foil improved the seaworthiness of the HAYES and, if so, will a

similar foil improve the seaworthiness of the ORTOLAN?" This question

may be anawered in two parts; first, reports from the operators of the

HAYES state that before installation of the foil a loss in operating time

up to 50 percent was reported in moderate to heavy seas. Since the

installation of the foil (approximately 7 months prior to the statement)

r) loss in operating time was experienced which could be attributed to

the ship's performance or an inability tc meet the mission requirements.

The report goes on to state that the post-fix of the HAYES has yielded

an oceanographic ship having better performance characteristics than any

other U.S. oceanographic vessel. From this report it may be said that

the operators of the HAYES feel the addition of the foil did significantly

improve the seaworthiness of the HAYES.
i4

Investigations4 into the design of ocean catamarans indicate that the

addition of the foil reduced the relative bow motion of the HAYES by about

30 percent resulting in a corresponding reduction in frequency and magnitude

of cross structure slamming. This investigation also points out that

rolling and corkscrew motions were also reduced, resulting in a significant

improvement in the general seaworthiness of the HAYES. The second part

of the question may be answered by noting that the HAYES and ORTOLAN display

similar seaworthiness characteristics in the "as built" condition, with

the ORTOLAN being generally more seaworthy, and that available data indicate

that the ORTOLAN should respond similarly to the HAYES with the addition

of a between hull foil.

4Hadler, J.B. et al.. "Ocean Catamaran Seakeeping Design, Based on the
Experience of USNS HAYES," Presented at the Annual Meeting, Society of

Naval Architects and Maxine Engineers, November 14-16, 1974.
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CONCLUSIONS

1. Cross structure wave impacts in the "as built" condition occur with a

frequency and intensity that is detrimental to the usefulness of the ASR

class. These impacts negatively affect the seaworthiness of the craft to

a point which is unsatisfactory, i.e., damage plating and footings, cause

crew discomfort, and force course and speed changes.

2. Ship motione are not abnormal for a ship of this length.

3. Wave impacts, pitch, and relative motion at Station 2- appear to be less

severe for the ORTOLAN than for the HAYES.

4. The ORTOLAN should respond to the addition of a between hull foil in a

manner similar to that of the HAYES, th=crby realizing a significant reduc-

ticn in cross structure impacts and yielding acceptable seaworthiness charac-

teristics.

5. The betweeT hull foil should not bieak the water surface during any

operational sh.- condition in state 5 seas or below.

6 Strain meaSLrements obtained indicate that the main structural integrity

of the ship w,,. not endangered during the trial.
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TABLE I - TAPE RECORDER AND CHANNEL DESIGNATIONS
FOR IRIAL MEASUREMENTS

T,•pe Recorder A* Tape Recorder B**

I. :i, kcir Sea State Meter 1. Vertical acceleration

2. Mode 2. Pressure gage P-5

3. Waverluor Buoy 3. Tucker Sea State Meter

4. Bridge crare arm acceleiation 4. Pressure gage P-6

5. Pitch angle 5. Pitch angle

6. Surge acceleration 6. Pressure gage P-7

7. Roll angle 7. Roll arnle

8. Ship's speed log 8. Pressure gage P-8

9. Vertical acceleration 9. Bow acceleration

10. Sway acceleration 10. Mode

11. Ultrasonic (Relative Bow Motion) 11. Strain Bulkhead 37

12. Yaw angle 12. Strain Bulkhead 55

13. Bow acceleration 13. :;train Bulkhe~d 96

14. Tucker Sea State Meter 14. '.-averider Buoy
(Duplicat ion)

* Ampex CP-100 Environmental Recorder, Double Bandwidth, 1 7/8 rps.

** Ampex CP-I00 Environmental Recorder, Double Bandwidth, 3 3/4 ips.
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TABLE 2 - TRIAL MEASUREMENT TRANSDUCER LOCATIONS

Measurement Transducer Location(s)

Tucker Sea State Meter Outboard port and starboard hulls,
844" forward of frame 53, 7'8" above

baseline

Pressure Gauge P-5 Bottom plating of cross structure,
16" port of centerline, 7" aft of
frame 23

Pressur.! Gauge P-6 Bottom plating of cross structure,
16" port of centerline, 11" forward
of frame 45

Pressure Gauge P-7 Bottom plating of cross structure,
16" port of centerlive, 7" aft of
frame 87

Pressure Gauge P-8 Bottom plating of cross structure,

16" port of centerline, 9" aft of
frame 108

Longitudinal Strain 37 Bulkhead 37, 8½' starboard of center-
line, 6" below main deck in void

2-21-0-V

Longitudiral Strain 96 Bulkhead 96, 8Y' starboard of center-
line, 6" below main deck in void

2-84-0-V

Vertical Bending Strain 55 Outboard port and starboard sheet
strake in passageways S-2-52-l-L and
P-2-52-2-L

Bridge Crane Accelerarlon 52' ABL, frame 68 (frane 84, extended),
aft port bridge crane arm. 43' port of
centerline (75' port of centerline,
extended)

Bow Acceleration Centerline at tip of 7 ton bow boom,
approximately frame 2½, 29½' above

calm water surface
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TABLE 2 - TRIAL MEASUREMENT TRANSDUCER LOCATIONS (Cont.)

Measurement Transducer Locatlon(s)

Ryan Radar Unit (Sonic) As for bow acceleration

Yaw Angle (Ship's Course) Ship's gyrc, approximately S-4-33-*

Pitch and Roll Angles, Sway Centerline at frame 87!,, 14Y above
and Surge Accelerations main deck

Ship's Speed Lug P-5-27-I-T*

Vertical Acceleration Centerline at frame 87j, 14!ý2" above
main deck

Waverider Buoy (Launched) Buoy launched in seaway (measures
sea state)

Waverider Buoy (Secured) Port hull fantail, 5'9" forward of
stern deck edge, 1'8" port of center
well deck edge. (Mpasures relative

stern motion)

* Standard naval nomenclature for compartment locations,

P indicates port hull, S indlcates starboard hull.
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TABLE 3 - BRIEF COMPARISON OF THREE WAVE MEASUREMENT METHODS

Measurement Methnd Advantages Disadvantages

Datawell Wave Buoy A. Performed well in accuracy A. Gives wave profile
trial conducted at NSRDC at a point other

than ship's actual
position.

B. Does not require modifi- B. Requires deployment
cations to vessel into seaway and

attendant recovery

C. After deployment measure- C. Pcssibility of loss
ment is independent of if unattended
ship's movement

Tucker Sea State Meter A. Gives wave profile at A. Accuracy dependent
ship's position allow- on wave frequency
ing wave by wave analysis requiring a correction
vice statistical analysis factor to be applied

B. Ready for use anytime after B. Requires thru hull
warm-up period (self con- penetration of vessel
tained on vessel) belk" waterline

C. Works best at zero
speed in head seas

Visual Observations A. Height and relative A. Subjective judgment
direculon of seaway of observer(s)
established immediately
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TABLE 6 - SUMMARY OF CROSS STRUCTURE IMPACTS OCCURRING DURING PRE-FIX TPIAL

RUfN 19 - HEAD SEAS, 6.3 KNOTS, LOW SE?' STATE E

rl = 10 5.7 18.0 5.7 2.1

AVERAGE =6.9 3.6 12.9 7.0
M1AXIMU'M = 18.0 2.1 7.2 4.3

P-6
N =114.3

P-7 5.7 7.1
04 = 5 15.7

AVERAGE =7.2 5.8

.'AXIMUY 15.7 2.0

P-8 4.1 2.7 8.2 15.3 13.6 1.7 8.5 1.4 4.4
N = 35 3.4 10.5 6.1 6.8 1.0 3.4 6.8 11.6 3.4
AVERAGE = 6.3 2.0 17.7 1.Z 14.3 14.j 1.4 6.8 1.0 9.5
MAXI>IUMý = 17.7 7.8 4.1 3.4 8.2 8.2 4.4 4.1 3.4

25



TABLE 6 - CONTINUED

RUN 22 - HEAD SEAS, 5.3 KNOTS, HIGH SEA STATE 5

P-5

N = 22 10.7 14.1 14.5 35.7 24.3 7.1 14.4 14J1
AVERAGE = 18.5 14.3 17.1 7.1 15.7 17.0 7.1 7.1
MAXIMUM = 105.8 17.1 7.1 105.8 21.4 7.2 14.2 12.8

P-6

N=1 5.7

P-7

N = 12 35,7 3.6 5.8 5.0

AVERAGE = 7.9 3.6 5.6 3.6 8.6

MAXIMUM = 35.7 7.1 5,8 4.3 8.6

P-8

N = 21 3.4 3.4 9.9 6.8 8.8 2.4 24.5
AVERAGE = 10.5 6.1 68.7 4.1 5.0 3.4 10.2 23.8
MAXIMUM = 68.7 1.0 7.5 5.1 3.5 5.1 14.3 2.7

RUN 24 - BEAM SEAS, 5.0 KNOTS, MID SEA STATE 5

P-5

;N = 0

P-6

N=0

P-7

N = 1 2.1

P-8
N=O

26
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TABLE 6 - CONTINUED

RUN 25 - BOW SEAS, 7.0 KNOTS, MID-SEA STATE 5

P-5

N = 11 5.0 7.1 4.7 2.9

AVERAGE = 6.4 7.1 2.1 4.3 2.9

MAXIMUM = 14.3 12.9 7.4 14.3

P-6
N=O

P-7

N = 1 ,5.7

P-8

N = 12 2.7 1.7 3.4 6.8

AVERAGE = 6.1 12.6 4.1 4.8 8,2

MAXIMUM = 13.6 13.6 4.8 4.1 6.8
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TABLE 6 - CONTINUED

RUN 26 - FOLLOWING SEAS, 7.0 KNOTS, LOW-SEA STATE 5

P- 5
N =8 7.1 7.1 8.6

AVERAGE = 7.1 5.7 3.6 9.3

MAXIMUM =9.8 8.6 7.1

N =1 7.9

P-7

mmNO

P-8

N = 10 4.1 3.4 3.4 1.4

AVERAGE = 3.7 3.4 3.1 2.7

MAXIMUM = 8.5 8.5 4.4 2.7
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TABLE 6 - CONTINUED

RUN 29 -BEAM SEAS, 12.5 KNOTS, LOW-SEA STATE 5

P-5

N =0

P- 6

N 0

pP-7

S~N = 0

N= 0

P-8

N = 25 3.4 27.2 2.7 10.2 3.4 4.1 4.1 2.7 3.7

AVERAGE = 5.4 2.7 3.1 2.4 6.8 4.8 4.4 2.0 4.4

MAX',UM = 27.2 3.4 13.6 3.1 3.4 4.4 6.5 3.1 5.8

29



TABLE 6 - CONTINUED

RUN 30 -HEAD SEAS, 1'1.5 KNOTS. LOW SEA STATE 5

P-5

N:=3 7.1

AVERAGE - 6.7 3.6

MAXIMUM = 9.3 9.3

P-6

N=O0

P-7

N = 2 8.6

AVERAGE = 7.9 7.1

MAXIMUM = 8.6

P-8

N = 17 4.4 3.4 3.4 1.7 2.4 11.5

AVERAGE = 4,.5 3.4 3.6 7.5 2.0 3.2 3.1

MAXIMUM = 12.2 6.1 3.4 1.7 12.2 4.1
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TABLE 8 - COMPARISON BETWEEN THE ORTOLAN AND THE BOLSTER FOR
SINGLE AMPLITUDE SIGNIFICANT ROLL AND PITCH

Relative Ship Speed Wave Height Pitch Roll
Heading ORTOLAN BOLSTER ORTOLAN BOLSTER ORTOLAN BOLSTER ORTOLAN BOLSTER
Head 2.6 2.9 3.8 1.5 0.46 1.57 0.75 1.76
Bow 1.0 2.9 5.1 4.9 0.68 1.55 0.90 3.06
Beam 3.9 2.9 4.3 4.9 0.68 1.25 0.65 3.76
Quartering 3.0 2.9 3.8 4.5 0.52 1.16 1.21 3.83
Following 7.0 2.9 6.R 5.8 1.75 1.21 2.19 1.85

TABLE 9 - COMPARISON BETWEEN THE ORTOLAN, GILLISS AND THE O.W.S.
WEATHER REPORTER FOR SINGLE AMPLITUDE SIGNIFICANT
PITCH AND ROLL ANGLES IN HIGH STATE 5 SEAS

Relative Ship Speed Pitch Roll
Heading ORTOLAN GILLISS WEATHER ORTOLAN GILLISS WEATHER ORTOLAN GILLISS WEATHER

REPORTER REPORTER REPORTER
Head 5.3 8 9.1 4.5 6.2 4.3 2.9 3.1 5.3
Bow 6.9 8 9.8 3.7 4.9 3.7 5.2 5.9 7.5
Bedm 5.0 8 10.7 1.9 2.4 0.7 1.1 6.7 11.0
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TABLE 10 - PARTICULARS OF SHTPS USED IN MAKING AN.ALYTICAL COMPARISONS

HAYES ORTOLAN ORTOLAN MELVTLLE CONRAD SHIP 'X'
Particular () M(D)) (M)

Type of Ship Catamaran Monohull

Length in Feet 220.0 240.2 230.0 2207/ 197.0 .20.0

Beam (Single Hull)
in Feet 24.0 26.0 26.0 4b.O 37.0 54.0

Beam (Overall)
in Feet 75.0 86.0 86.0 46.0 37.0 54.0

Draft (Station 10)
in Feet 18.9 22.4 19.0 15.4 14.6 21.2

Displacement
in Long Tons 3124 '443 3540 2074 13L3 3124

Hull Separat n
in Feet 27,0 34.0 34.0 -- -. --

CG .\ft of FP
in Feet 111.2 122.7 113 9 111.1 102.1 114.0

Longitudinal Radius
of Gyration 0.251. 0.251 0.251, 0.24L O.?4L 0.24L

Block Coefficient 0.54 0.60 0.57 0.46 0.44 0.4.

Beam/Draft 1.27 1.16 1.37 3.00 2.54 2.54

I.ength/Beam 9.17 9.24 8.35 4.80 5.32 4.07

Length/Beam
(Overill) 2.93 2.79 2.67 4.80 5. -2 4.07
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BE/ SEAS. STATE 3 SEA

R dMNO. (A )1/3 SHIP SPEED

(DEG) (KNOTS)

4 0.75 6.9
10 1.06 12.0

- 16 0.06 3.9

o 2.4
4rw I;

2.0 I
I J

1.6I
0.

CdL

1.2

0.84i

--- •-i k-1\iO. 4 r ii
-/ \

0.4 0.6 0.8 1.0 1.2 1.4

ROLL FREQUENCY,j E - RAD/SEC

Figure 6 -Spectral Energy for Roll in Boom Sees, State 3 Seo,
at 3.9, 6.9 and 12.0 Knots
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BEAM SEAS -STATE 5 SEA

RUN NO. io A) 1/3 SHIP SPEED

(DEG) (KNOTS)

120- 18 3.30 1.7
24 7.00 5.0
29 4.20 12.5

1004'

I'Ii

3. 80

247.0/.

/ r I
0=- I \

Cn60--
>/

40 /

20- /i

0r

0.4 0.6 08101.2 1.4

ROLL FREQUENCY, w RAD/SEC

Figure 7 Spectral Energy for Roll in Beam Seas, State 5
Sea, at 1.7, 5.0, and 12.5 Knots
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HEAD SEAS - STATE 3 SEA

RUN NO. (0A)113 SHIPSPEED

(DEGI (KNOTS)
.20 2 0.30 7.2

8 - 2 0.30 1,.t
m- i ---- 14 0.46 2.6
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Figure 9 -Spectral Energy for Pitch in Head Seas,
State 3 Sea, at 2.6, 7.2, and 11.8 Knots
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HEAD SEAS - STATE 5 SEA
RUN NO. 110 ),, SHIPSPEED

I A1 / I

(DEG) (KNOTS)

22 4.52 5.3
19 2.00 6.3
30 2.43 11.5

24

S20

- 16

U12h
U,n C/.,>I
z 8---
Lis

4 , i / 'v \..

S1 e /
0.4 0.6 0.8 1.0 1.2 1.4

PITCH FREOUENCY.w WE RAD/SEC

Figure 10 Spectral Energy for Pitch in Head Sees, for
State 5 Sea, at 5.3, 0,3,11.5 Knots
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HEAD SEAS - STATE 5 SEA

RUNNO. BOWACC SHIPSPEED
fG'S) IKNOTS)

22 0.682 5.3
19 0.458 6.3

180 ~ . . . . 30 0.530 11.5

140

1200

0.
60

2B0

0 t _a _ -40.4 ~ ~ ~ 0. . .0 12 14 . .
BOWACCELERATIO FRQECw. '/E

Figure/ 11-Seta\ ag o BwAclrto nHa
Seas Stat 5 ,a .. 63,ad1. nt
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HEAD SEAS - STATE 5 SEA

II "I I !

RUN NO. BOW DISPL. SHIP SPEED

(FEET) (KNOTS)
- 22 12.5 5.3

---- 19 5.6 6.3
-.-. 30 7.8 11.5180

INDICATES WAVEF ENERGY PEAK

~160

U..

- 140
3x

120
c-
U
Uj

w> 100

z
UJ 80

C -4010/
20 -

0
0.4 0.6 0.8 1.0 1.2 1.4

BOW DISPLACEMENT FREQUENCY, w E' RAD/SEC

Figure 12 -- Spertral Energy for Bow Displacement in Head
Seas, State 5 Sea, at 5.3, 6.3, and 11.5 Knots
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HEAD SEAS - STATE 5 SEA
C RUN NO, STERN DISPL. SHIP SPEED
m (FEET) (KNOTSMu 100100 - 22 8.4 5.3

N---19 4.2 6.3

-- 30 4.5 11.5

2 80
x

C.)w

au

I--
ZCL,

w 4

w

z 20
Cr

20

0.4 0.6 0.8 1.0 1.2 1.4

STERN'J DISPLACEMENT FREQUENCY, RAD/SEC

Fiqure 1j - Spectral Energy for Stern Displacement in
Head Sam%. State 5 Sea, at 5.3, 6.3, and 11.5 Knots
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STATE F SEA STATE 6 SEA

1 - HAYES

2- ORTOLAN (M) CATAMARANS
1 3- ORTOLAN (D)

•" 4 -CONRAD

S10 5- SHIP"X MONOHULLS

3ý 2
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Figure 15 - Comparison of Pitch Angles versus Ship

Speed in State 5 and 6 Head Seas
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STATE 5 t;EA ';TATE 6 SP-A
L14

1 -HAYES
N2 ORTO LAN (M) CATAMARANS

3-CRTOLAN(D)

4-CONRAD
5 -SHIP'X MONOHULLS
6. ME i.VL LE

22

C,1

3

66
'44
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Figure 16 - Cornpaisorn of Re~ativý Moteonn.-t Station 2'/2
versus Ship Speed in Stae 5 and 6 Head Seas
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